Experimental infection of beagle dogs with
Helicobacter pylori is a gram-negative bacterium that chronically colonizes the gastric mucosae of humans, causing chronic gastritis, peptic ulcer, and in some individuals gastric adenocarcinoma and lymphoma (3) . Little is known about the natural history of the infection, especially the early events which follow colonization. Since most infections with H. pylori occur during childhood (18) and since most of these infections are usually not diagnosed, most of the early pathological events following H. pylori infection can be better investigated in appropriate animal models.
Various animal models have been proposed for the study of the pathogenesis of H. pylori-induced lesions (3, 6) . Recently we showed that in conventional beagle dogs, colonization with H. pylori and disease can be monitored in the same individuals without any need for necropsy (17) . In that study, we showed early infiltration with polymorphonuclear cells that were then replaced by mononuclear cells, which later became organized in very well structured lymphoid follicles in the gastric mucosa (17) .
As a follow-up of that study, immunohistochemical investigation of the lymphoid cells infiltrating the gastric mucosa of those dogs and of uninfected controls was performed. The characteristics of the dogs, the experimental infection with H. pylori strain SPM326s, and the clinical and pathological events following infection have already been reported (17) .
Biopsies were taken under endoscopy from the antrum, corpus, and fundus at 1, 2, 4, 8, 12, 18, and 24 weeks postinfection. Sections (3 m) were prepared and stained with hematoxylineosin. Histological examinations included assessment of the number of inflammatory cells at ϫ400 magnification using a visual analogue scale modified for canine specimens (10) . Gastritis score was defined using the Sydney system (4). For immunohistochemistry, sections were allowed to adhere to pretreated slides. After standard treatments, sections were assayed with the following monoclonal antibodies (MAbs): anti-human interleukin-6 (IL-6) (Genzyme Diagnostics, Cambridge, Mass.); anti-human IL-8 (Genzyme); rat anti-canine monocytes/macrophages, rat anti-canine CD3, rat anti-canine CD4, and rat anti-canine CD8 (all from Serotec Ltd., Oxford, United Kingdom); mouse anti-canine CD21 (VMRD Inc., Pullman, Wash.); and mouse anti-canine neutrophils (VMRD Inc.). Antibody binding was revealed with avidin-biotin complex (ABC)-peroxidase or ABC-alkaline phosphatase techniques using biotin-conjugated horse anti-mouse immunoglobulins or biotin-conjugated rabbit anti-rat immunoglobulins. The enzymatic reaction was developed using the relevant substrates. All histologic examinations were carried out blind and included controls using appropriate isotype-matched antibodies.
Prior to infection with H. pylori, the gastric mucosae of dogs were normal, both endoscopically and histologically, with no evidence of infection with other Helicobacter species. Similarly, uninfected dogs kept as controls never showed signs of gastritis or of cellular infiltrations. One week after infection, marked edema and hyperemia appeared in the lamina propria, especially in the corpus and antrum, with an important infiltration of polymorphonucleates ( Fig. 1 ) in the lamina propria around the glands, the structure of which, in many cases, appeared to be altered. Several neutrophils were observed immunohistochemically. At the same time, epithelial cells of the deeper glandular crypts exhibited a clear cytoplasmic positivity for IL-8 (17) .
At 2 weeks postinfection, we observed an important drop in the number of neutrophils and an increase in that of mononuclear cells (Fig. 1 ), consisting mostly of CD3 ϩ T lymphocytes. At this stage, IL-8-positive epithelial cells were observed in the glandular structures and in antral mucosa, where a moderate infiltration of neutrophils still persisted (Fig. 2a) . Scattered infiltrates of CD3 ϩ T lymphocytes appeared in a juxtaglandular position, organized in small aggregates or dispersed in the corpus and antrum (Fig. 2b) . A strong expression of IL-6 was observed in epithelial cells and in mononuclear cells in subepithelial areas, mainly in the antrum. Unlike IL-8, the expression of IL-6 remained unaltered during the entire study, and at later stages its expression could also be seen in the corpus (Fig.  2c) . Four weeks after infection with H. pylori, CD3 ϩ (CD4 ϩ ) lymphocytes appeared more abundantly in the interglandular corion of the corpus and even more of the antrum (Fig. 2d) . In some antral areas, the lymphoid infiltrate contained some
CD8
ϩ cells grouped in a periglandular position immediately beneath the basal lamina of the epithelium (Fig. 2e) . The appearance of these infiltrates was accompanied by erosion of the epithelial surface and by the presence of cytoplasmic vacuoles (17) .
From the eighth week, CD3 ϩ cell infiltrates spread in bands or organized in very well structured lymphoid follicles with a germinal center-like portion composed of CD21 ϩ lymphocytes and a peripheral portion consisting predominantly of CD3 ϩ
CD4
ϩ lymphocytes (Fig. 2f) . A few scattered CD8 ϩ T lymphocytes (Fig. 2g) and macrophages (Fig. 2h) were also seen in the cortical areas. From the 12th week postinfection onwards, the number and size of the follicular structures (mainly in the antrum) significantly increased, causing the appearance of macroscopic nodules easily visible by endoscopy (data not shown). Subsequently we also observed a more diffuse infiltration in the antrum of CD4 ϩ lymphocytes, with rare CD8 ϩ lymphocytes in juxtaglandular or subepithelial areas. At this stage, the presence of neutrophils interspersed within the mononuclear cell population was suggestive of an active chronic gastritis.
Most studies aimed at characterizing the lymphocytic infiltration of gastric mucosae in natural or experimental infection with H. pylori have been performed by cell sorting techniques or reverse transcription-PCR (1, 5, 19, 22, 23) . These approaches do not allow determination of the location and organization of lymphoid cell populations or the nature and location of cytokine-producing cells, which can be better determined by immunohistochemistry (2, 12) . In this study, the use of immunohistochemistry has allowed the identification and localization over time of the inflammatory cells infiltrating the gastric mucosa of experimentally infected dogs and of the gastric cells expressing some cytokines which may be of importance in H. pylori-induced pathology. Of course, the availability of specific antibodies to certain dog cytokines may represent a limit of the histopathological approach.
The important infiltration of neutrophils at initial stages of infection in beagle dogs has also been reported upon accidental or voluntary infections in humans (13, 15, 20) . Furthermore, the presence of neutrophils among the mononuclear cells at later stages is the hallmark of chronic active gastritis.
It is noteworthy that at early stages of infection both IL-8 and IL-6 were detectable. The anti-human cytokine MAbs used in this study clearly gave specific stainings because of the consistently negative results in uninfected controls and because of the high degree of homology shared by human and canine IL-8 and IL-6 (11, 14) . IL-8 tended to disappear at later stages together with the neutrophilic infiltration, whereas the expression of IL-6 remained unchanged over time. This suggests that IL-8 production is regulated by H. pylori products, e.g., pathogenicity island-encoded antigens (3), more than IL-6 production, which may be sustained by the inflammatory phenomena induced by H. pylori. In previous studies in humans (1) , increased IL-6 levels were observed in chronic H. pylori infection, together with a concomitant increase in CD8 ϩ lymphocytes and natural killer cells. In the present study, the strong positivity of epithelial cells for IL-6 in biopsies from the antrum and corpus suggests that gastric epithelial cells may contribute to the proinflammatory response to H. pylori infection, either by cytokine production or by uptake of IL-6 produced by the lamina propria or intraepithelial leukocytes, as observed in humans (12) .
The lymphocyte infiltrate, initially diffuse and later organized in follicular structures, represents a consequence of FIG. 1 . Gastritis, neutrophil, and leukocyte scores in beagle dogs experimentally infected with H. pylori. Dogs were infected orally at time zero as described in detail previously (17) . Biopsies were taken during endoscopy at the indicated time points (weeks). Scores were calculated as reported earlier (4, 10) . Solid bars, antrum; hatched bars, corpus; dotted bars, fundus. Each bar represents the average (plus 1 standard deviation) for three dogs infected in one experiment. Similar results were obtained in a second experiment. Uninfected dogs did not show any sign of gastritis or of neutrophil or leukocyte infiltrations. H. pylori infection in both natural (7) and experimental (6, 8, 9) infections. In the present study, the recruitment of lymphocytes to the gastric mucosa represents an early event. Later, classical follicular structures appear in the gastric mucosa, with germinal centers containing mostly CD21 ϩ B lymphocytes and CD3 ϩ CD4 ϩ lymphocytes in the cortical areas. This suggests that in our experimentally infected dogs, as in patients with chronic gastritis, chronic H. pylori infection may favor the development and persistence of lymphoid follicles in which continuous helper T-cell activation may eventually lead to uncontrolled follicular B-cell proliferation (21) . It would be interesting to investigate over time the clonality of the B lymphocytes present in these gastric follicular structures and compare it with that found in chronically infected individuals and in patients with mucosa-associated lymphoid tissue lymphoma of the stomach (16, 24) .
The appearance of CD3 ϩ CD8 ϩ cells dispersed around the lymphoid follicles and at the base of the antral glands has also been observed in naturally infected patients (1). It is not clear yet what role these CD8 ϩ cells may play in the immune response to H. pylori. Given the strictly extracellular localization of H. pylori, it is unlikely that these CD8 ϩ cells have cytolytic activity. However, they may contribute to the inflammatory events occurring at both early and chronic stages of infection by producing gamma interferon or other proinflammatory cytokines and chemokines (2, 12) . It would be interesting to test this hypothesis in our beagle model of infection.
